The quick, easy, cheap, effective, rugged and safe (QuEChERS) method for sample preparation was applied to determine seven organophosphorus pesticides (OPs) in stomach contents of poisoned postmortem animals. The pesticides consisted of diazinon, edifenphos, ethyl p-nitrophenyl phenylphosphonothioate, fenitrothion, monocrotophos, parathion and phosphamindon, and tested samples included stomach contents from postmortem animals of cattle, goat, dog, cat, birds, deer and rabbit. The pesticides were spiked into the samples which were found to be negative through previous pesticide poisoning analysis, and the pesticides were extracted and cleaned up based on the QuEChERS process and then they were analyzed using gas chromatography (GC) -flame photometric detector (FPD) or GC -nitrogen-phosphorus detector (NPD) with a DB-5 column. Limits of detection ranged from 0.27 to 0.41 mg/kg for the seven pesticides. The mean recoveries ranged from 80 to 99% in GC -FPD and 83 to 90% in GC -NPD. The coefficients of variation were <10% for all analytes and sample matrix combinations except for phosphamidon and edifenphos in dog stomach contents. This study demonstrated that the method using QuEChERS and GC -FPD and/or GC -NPD is very effective to analyze the OPs in the stomach contents of postmortem animals.
Introduction
When livestock, wildlife or pets die due to suspicion of poisoning, pathological diagnosis involves determination of the cause of death through a variety of tests. In Korea, pesticide poisoning tests are designed to detect seven organophosphorus pesticides (OPs) in stomach contents of the dead animal (1) . OPs are one of the known major causes to induce acute toxicity. Toxicity of these pesticides is known to ascribe the inhibition of cholinesterase that induces the hydrolysis of chorine esters, including acetylcholine at cholinergic synapses (2) . However, as they have relatively weak residual toxicity and are easily available in agricultural areas, OPs have been considered as a substitute of organochlorine pesticides to control pest or insect (3, 4) . They are one of the most commonly employed pesticides in all parts of the world including agriculture, horticulture and veterinary drugs (5) . Because of their wild usage in agricultural areas, there are many cases of fatal poisoning by OPs in animals and particularly in wild birds in Korea (6) .
A variety of methodologies for sample preparation prior to gas chromatography (GC) analysis of pesticides from biological and environmental samples have been reported. Sample preparation is mainly accomplished by the extraction process, cleanup and concentration. One of the conventional extraction techniques is liquid -liquid extraction (LLE) using several solvents such as dichloromethane and mixtures of hexane and dichloromethane or petroleum ether to extract the target pesticide from matrixes (7, 8) . Because a large amount of toxic solvents are required and time-consuming to extract pesticides (9) , LLE has a number of drawbacks such as the exposure of harmful solvent, the problem of disposal of the postextraction solvent and formation of emulsions during stirring even though it seems to be fairly simple. Solid-phase extraction (SPE), one of the most widely used sample preparation techniques in environmental and biological sample analysis, adsorbs analytes from aqueous phase using a sorbent following elution of analytes with organic solvent (10 -13) . One of the main advantages of SPE is consuming lower volume of harmful solvent compare with LLE. Moreover, it induces higher selectivity, more reproducible results as well as more convenient and simpler method so that it is considered as a useful technique for separating the analytes from biological samples. Our laboratory has been employed a sequential isolation method combinated with LLE and SPE prior to the GC analysis to detect OPs on stomach content of postmortem animals.
Recently, the quick, easy, cheap, effective, rugged and safe (QuEChERS) method has gained much attention as an attractive sample preparation for analysis of pesticide residues in agriculture crops, fruits and vegetables (14, 15) . It is known to be a simple, rapid and inexpensive procedure for the determination of pesticide residues in fruits and vegetables, and also recognized as an official AOAC method (16) . The basic principle of the procedure consists of extraction by acetonitrile, salt out partitioning with MgSO 4 and NaCl or sodium acetate and dispersive solidphase extraction (d-SPE) using primary-secondary amine (PSA) and C 18 sorbents that typically removes many polar matrix components, such as organic acids, certain polar pigments and sugars from the extracts. QuEChERS is much faster than the conventional sample treatment (17) .
The aim of the present study was to evaluate and validate the QuEChERS method in a new application to test for the seven targeted OPs in stomach contents using GC -flame photometric detection (FPD) and GC -nitrogen -phosphorus detection (NPD) to replace the conventional method used in Korea (1, 6) . In addition, this study sought to compare the sensitivity of two detectors: GC-FPD and GC-NPD.
Experimental

Chemicals and reagents
The seven OPs ( Figure 1 ) were purchased as a 1 mL standard mixture solution containing monocrotophos (300 mg/mL), diazinon (100 mg/mL), phosphamidon (200 mg/mL), fenitrothion (100 mg/mL), parathion (100 mg/mL), edifenphos (200 mg/mL) and ethyl p-nitrophenyl phenylphosphonothioate (EPN) (100 mg/mL) from AccuStandard (New Haven, CT, USA). Solvents used in this study were HPLC grade.
Sample collection and fortification of standard pesticides A variety of stomach contents in postmortem animals including wild birds and livestock after necropsy were collected. They were provided from local farms and private animal care facilities in 2012. Part of the samples was used to elucidate if pesticide poisoning caused death of the animal, and those samples found to be negative were used for spiking experiments in this study. The fortified concentrations of each pesticide were 3 mg/kg for diazinon, fenitrothion, parathion and EPN, 6 mg/kg for phosphamidon and edifenphos or 9 mg/kg for monocrotophos due to differences of their sensitivity in GC. After spiking the standard mixture, the samples were allowed to stand for 30 min at room temperature. The experiments were performed in triplicate for each sample.
Sample preparation
The procedure of extraction and cleanup of sample is based on the QuEChERS technique including d-SPE. Homogenized sample of 5 g was mixed with 6 g magnesium sulfate and 1.5 g sodium acetate. Pesticides were extracted from the sample using 15 mL of 1% acetic acid in acetonitrile (v/v). The acetonitrile layer was collected and cleaned up using a dispersive cleanup kit from Agilent 5982-0029 (Little Falls, DE, USA) that comprised 400 mg PSA, 400 mg C 18 , 45 mg graphitized carbon black (GCB) and 1,200 mg anhydrous magnesium sulfate sorbent. After cleanup, 3 mL of the supernatant was concentrated using a TurboVap LV (Zymark, Hopkinton, MA, USA) at 408C with an N 2 stream. The residue was reconstituted in 1 mL of acetone. All samples were prepared and analyzed immediately to prevent degradation of pesticides prior to the GC analysis.
GC-FPD and GC-NPD
An Agilent 7890A gas chromatograph was used for analysis of the OPs using dual detections by FPD and NPD. The GC operating conditions were as follows: an Agilent DM-5 column (5% diphenyl -dimethylsiloxane), 30 m Â 250 mm i.d., 0.25 mm film thickness, was employed using 1 mL injection at 2508C injector temperature in split mode (50 : 1) with helium carrier gas flow rate of 1.3 mL/min. The initial column temperature was held at 608C for 1 min and increased at 258C/min to 2608C and then held for 9 min. FPD or NPD was operated at 1008C from H 2 , air and N 2 (auxiliary gas). The signals were obtained from data acquisition rate at 100 Hz.
GC-mass spectrometry
For confirmation purposes, an Agilent 6890/5973N GC -MSD was performed by evaluating the matching factor of the National Institute of Standards and Technology (Gaithersburg, MD, USA) mass spectral library. An Agilent DB-5MS (5% diphenyl -95% dimethylsiloxane), 30 m Â 250 mm i.d., 0.25 mm film thickness, column was used. The injector temperature was set at 2508C, and injection method was performed in pulsed splitless mode for 1 mL injection and helium carrier gas flow rate of 1.0 mL/min. The initial column temperature was held at 608C for 2 min, ramped at 118C/min to 2808C (held for 8 min) and then taken to 3008C for 5 min post-run.
Results and Discussion
Comparison of the conventional and QuEChERS method To separate OPs from matrix, the conventional method uses a 1 : 1 mixture of hexane and acetonitrile and SPE treatment with Sep-Pak carbonyl/NH 2 cartridge, whereas the QuEChERS method employed an extraction kit comprises MgSO 4 and sodium acetate and cleanup kit consisted of PSA, C 18 , GCB and MgSO 4 .
The conventional method using LLE and SPE treatment consumes a large amount of harmful solvent and time for the extraction of pesticides. However, QuEChERS exposed chemists to less solvent and reagents compared with the conventional method because it employed d-SPE extraction cleanup. In addition, the time required for sample preparation of analytes prior to the GC analysis was 2.5 -3 h so that the QuEChERS method was much faster than the conventional method. Ideally, sample preparation should be as simple as possible, because it not only reduces the time required but also decreases the possibility of degradation of contaminants (9) . QuEChERS has been known to be an efficient method for the determination of pesticide residues in fruits and vegetables. Considering these facets, the new method was more efficient, economic and rapid for the determination of OPs to replace the conventional method that has been used in our lab.
Linearity
The linearity of calibration curves was obtained from the diluted standard solution. The linearity against each pesticide was obtained using the standard mixture where seven OPs were dissolved in acetone. All pesticides used in this study had good linearity with R 2 of each pesticide in both FPD and NPD detector (Table I) .
Detection limit
The quantification was performed using the calibration curves obtained through the pesticide standard solution diluted from the standard mixture solution in acetone. The limit of detection and quantification (LOD and LOQ) were calculated using the stomach contents of postmortem cattle fortified with pesticide standard solution of 0.5, 1, 2 and 5 mg/kg, respectively, using five replicates each. The stomach contents of cattle were employed in this study because they were easy to acquire, whereas the stomach contents of wild birds and other animals were small size and difficult to acquire.
In QuEChERS, the LOD and LOQ ranged from 0.13 to 0.41 and 0.40 to 1.23 mg/kg, respectively. Whereas in data of Jang et al. (6) , LOD and LOQ for seven OPs showed 0.13 -0.54 and 0.21 -1.63 mg/kg, respectively (Table I) . Based on these results, the LOD and LOQ were not significantly different between the two methods and two detectors. A typical GC -FPD chromatogram from the analysis of samples spiked with seven OPs is shown in Figure 2 . Also, a typical GC -NPD chromatogram (not shown here) was obtained with the same order of retention times on GC -FPD. All OPs used in this study were found to be completely separated within 13 min. The samples were confirmed by GC -mass spectrometry for identification of target analytes.
Recovery and coefficient of variation
The recoveries of each OP were calculated as the mean values of recoveries obtained from stomach contents of variety of postmortem animals, such as cattle, goat, dog, deer, cat and rabbit. The mean recoveries were 98 and 90% for monocrotophos, 80 and 84% for diazinon, 99 and 87% for phosphamidon, 86 and 86% for fenitrothion, 84 and 85% for parathion, 98 and 83% for edifenphos and 86 and 85% for EPN in FPD and NPD, respectively. Comparing these results with those of Jang et al. (6) , the recoveries of some pesticides including monocrotophos, diazinon and phosphamidon in this study were typically higher by 5% (Table I) . Recoveries in some pesticides such as monocrotophos, phosphamidon and edifenphos were significantly higher in FPD detector than NPD, whereas diazinon showed lower recovery in FPD than NPD. Fenitrothion and EPN did not indicate any significant difference in recovery for both detectors (Figure 3 ). These are normal biases in results associated with day-to-day and instrument-to-instrument residue analyses.
To evaluate the application of the method to wild animals and livestock for pesticide poisoning cases, the study used stomach contents of various animals such as goat, dog, deer, cat and rabbit that were already found to be negative samples through previous pesticide determinations. The mixed standard solution was fortified in these stomach contents to the final concentration level of 3 mg/kg for diazinon, fenitrothion, parathion and EPN, 6 mg/kg for phosphamidon and edifenphos and 9 mg/kg for monocrotophos. The recoveries and precision of the method for each type of animal in both FPD and NPD are listed in Table II . The recoveries of pesticides on the stomach content of cattle, goat, dog, bird, deer, cat and rabbit were found to be 70 -110% with CV , 14%. CODEX guideline (18) suggests that the validation of acceptable method should yield recovery of 70-110% and precision of ,14% at 1 mg/kg of concentration level. Therefore, this study demonstrated that the developed method can be successfully applied to determine OPs poisoning in stomach contents of various postmortem animals.
Conclusions
The QuEChERS sample preparation employed in the present study is a convenient and reliable method for the extraction of OPs from the stomach content of various postmortem animals prior to the GC -NPD or GC -FPD analysis. The d-SPE cleanup is faster than conventional SPE method. The developed method was validated to have the recovery of 70 -110% and precision of ,14% meeting CODEX guideline. This study suggests that the method can successfully use to determine OPs from the samples of poisoning diagnosis for livestock or wild animals. 
